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[57] 



ABSTRACT 



An independent dual-blade robot assembly is provided for 
use in semiconductor wafer processing. The robot assembly 
includes a rotatable stage located within a chamber, a linear 
track mounted on an upper surface of the rotatable stage, and 
article first and second motorized platens slidably mounted 
on the linear track and configured for movement along a 
longitudinal axis of the linear track. Each motorized platen 
is magnetically driven and carries an end effector which 
extends from a leading edge. The end effectors of the first 
and second motorized platens are preferably horizontally 
co-planar. The linear track may be a single track carrying 
both motorized platens, or two linear track sections may be 
provided where each carries a single motorized platen. The 
two track sections may be pivotally or rotatably connected 
to the rotatable stage. 

6 Claims, 8 Drawing Sheets 
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INDEPENDENT LINEAR DUAL-BLADE dling means preferably includes a first slider block slidably 

ROBOT AND METHOD FOR mounted on said linear track with a first end effector (wafer 

TRANSFERRING WAFERS holding blade) extending from a leading edge thereof, and a 

DA^nM,rx m second slider block slidably mounted on said linear track 

BACKGROUND OF THE INVENTION 5 with a second end effector extending from a IcadiJ edge 

The present invention relates to the transfer of articles thereof. Each of ^ e ^ 311(1 second slider blocks may be a 

such as semiconductor wafers, and more particularly to a motorized P laten including a plurality of coils electrically 

dual-blade robot for effecting independent linear transfer of conne f ted to a P° wer suppty The track may include a 

two or more semiconductor wafers plurality of spaced raised metallic edges extending laterally 

The use of robot arms is a well esublished manufacturing 10 ff° SS ""J?"* ^ » n "Pf" thereof, and linear 

expedient in applications where human handling of th! f * 8 ka V M > a ^y ed S« 

wafers is inefficient and/or undesired. For example, in the ^ZZtT** *** CffeCtWS "* ****** horizontally 

semiconductor arts robot arms arc used to handle wafers ;T ' , 

during various process steps. Such process steps include A»°"Jing to a further aspect of the invention, the linear 

those which occur in a process chamber eg etching 15 track ^ comprise a plurality of linear track sections, and 

deposition, passivation, etc.. where a sealed environment P™*" 0 ^ Tack sections. Each one of the linear 

must be maintained to limit the likelihood of contamination sectlons P ivota "y connected at one end thereof 

and to ensure that various specific processing conditions are t0 . * e / otatablc sta 8 e - A linear track section may be 

provided. pivotauy mounted on ttie rotatable stage at a position 180° 

Current practice includes the use of one or more robot 20 J^^^^ngP^itionof the second linear track 

arms to load semiconductor wafers from a wafer casS ' « , sn^lL 7i * * rotated a 

into various processing ports within a multiple proce^ ££J2 ^« ^P/votal connection Dnve means may be 

chamber system. Such systems typically include S £™ A ° r . unp ^ ing ntaU ^ motion to said stable 

chamber, to which the wafer cass^e JprocesVciSS „ ^ e ^«Wg mouon to each of said linear 

are linked. The robot arm is then employed to retrieve the A fi J. _ , ^ . 

wafer from a particular port after processing within an • , " of * e mveDboa provides that a 

associated process chamber. The wafer is then shuttled by ™TZ racc .|* farmed in the upper surface of the 

the robot arm to a next port for additional processing. When TOtSitMe sta 6 e ' ™ m wluch P^ty of linear track 

all processing within the reaction system is complete the Se ?° nS "* movab ! y e . ■»W ed - »"*nWy two linear track 

robot arm returns the semiconductor wafer to the loadina 30 sectlons J are ^gagedwith the race, and each may be slidably 

port. Typically, a stock of several semiconductor wafers is ™T V 1 lhe **** race t0 P 5 ™ 1 360° rotation of the 

handled in this manner during each process run. and several ? 56(110115 aboUt a central axis of ^ rotatablc sto 8 e - 

wafers may be in process at any point in time e means bc P^ded for imparting rotary motion to 

In multiple process chamber systems it is'desirable to ^fT" 6 X " d r0taiy motion to each 

have mraTthan ™, • 10 35 of Siud nnear track sections within said circular race. 

nave more man one semiconductor wafer in process at a a fi—i _ ... . 

time. In this way. the process system is used to obtain „ ^ aspec f of m ? P rcsent "vennon is a method for 

maximum throughput. In the art. where a single robot arm is S?/f n " g ^ " T 8 J"" i"^ transfer 

used in a process system to shuttle wafers between *£er ^ 111 a Centr f chamb « ^ method, according 

cassettes and process chambers, the robot may require m l^J^Jl *f ">vcntion, comprises the steps of 

complex movement to simply switch two wafers iTtwo transf f in 8 a ***** txtween the transfer chamber and 

single wafer process chambers ? of a P lurall ty of adjacent chambers by moving a first 

second wafer. The carriers are then rotated and the stored «, J^, ^ ste P ^^emog * first article 

wafer may be placed as desired ^rtn^3™T. JSS 50 P™****' comprises me steps of aligning a first end effector 

cornple? id ^ «2Sf « " ° f ^ 

weight of a carrier drive located at thTendof ,„ vS;m! mean * wi * 40 OP^S between said transfer chamber and 
roboTarm. ££££ £?£2i3l d£ Tot ^ Z t^SZT S&id 
independent operation of the twHarriers « ^ $ajd ° penm 8 ^ ^ <>ne <* said 

^ " c ° camers - 55 plurality of adjacent chambers by moving the first article 

SUMMARY OF THE INVENTION handling means along the longitudinal axis of the linear 

■n. . • . track: effecting a wafer transfer between said fint mi 

artSeE .r Cn -°H n,S 40 f« transferring an effector and said one of said pluraU^^chlmb^ 

Se ^riSf!r tiOJ ° ftW ° - d retracting end effector ftamffiSTSd 

JSfi!^ Thcap P ^tus according to a prirnary aspect 60 plurality of adjacent chambers through said openinc into 

cnlr^ f , "T 5 " 3 r °r We 51286 l0Cated Within 3 said chLber by moving d* to ^dTSoC 

ch^.almeartrackm^ntedonanuppersurfaceof 5 aid means along the lon/oidinal axis ofLriie^tradf 

oTs^ lSCck^rf ha ? dhj « mcans ™ted Similarly, ftf step of trLferring a second "p^ory 

" ^ configured for movement along a comprises the steps of aligning a second end effecto/cx^nd 

SuT'ch^r^r Tu S ^lT^n7 y ^ " " g ^ " ^ ^ ^ second SctnanSg 
sendcorZrtT^L Z.„ -LI £ ttanSfer ° f mcans with M ^Ding between said transfer chamber and 
semiconductor wafers during processing. The article han- one of said plurality of adjacent chambers; extending s^d 
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second end effector through said opening into said one of FIG. 7 is a top plan view of an independent dual-blade 

said plurality of adjacent chambers by moving the second robot according to a second aspect of the present invention, 

article handling means along the longitudinal axis of the FIG. 8 is a side elevational view of the independent 

linear track; effecting a wafer transfer between said second dual-blade robot of FIG. 7. 

end effector and said one of said plurality of adjacent 5 ^ 9 ^ a top plan view of an independent dual-blade 

chambers; and retracting said second end effector from said fobot to a third aspect of the present invention. 

one of said plurality of adjacent chambers through said elevational view of the independent 

opening into said transfer chamber by moving the second iv is a siuc wcv-uuuoi *~ 

article handling means along the longitudinal axis of the dual-blade robot of FIG. 9. 

linear track. The steps of aligning the first end effector and w DETAILED DESCRIPTION 

aligning the second end effector may be accomplished by 

rotating a rotatable stage upon which said linear track is The present invention is best understood by referring to 
mounted. The steps of moving the first and second article the Drawings in connection with review of this Description, 
handling means each may include the step of sequentially The present invention is a robot for independently effecting 
connecting a power source to each one of a pluraHty of coils transfer of two or more articles, such as semiconductor 
located in each of the first and second article handling means wafers, within a system such as a semiconductor wafer 
to create a magnetic effect between the first or second article processing system. The robot may be positioned within a 
handling means and the linear track- central transfer chamber of the wafer processing system and 
According to a further aspect of the method for transfer- includes means for independently transferring two or more 
ring articles the linear track may include a first linear track articles between the transfer chamber and adjacent chambers 
section and a second linear track section. According to this through linear movement of the robot end effectors, 
aspect, the steps of moving the first and second article in FIGS. 1 and 2 ? an independent dual^blade robot assem- 
handling means along the longitudinal axis of the linear bly 10 is shown in the context of a semiconductor wafer 
track may comprise moving the first article handling means processing system. The independent dual-blade robot 
along the first track section and moving the second article ^ assembly 10 is centrally arranged within a transfer chamber 
handling means along the second track section. One end of 100 of the wafer processing system* The transfer chamber 
each of the first and second linear track sections may be 100 is connected to a plurality of adjacent chambers 101. 
pivotally mounted to a central rotatable stage, and the step such as process chambers for deposition, etching or the like, 
of transferring the first and second articles preferably by a corresponding plurality of slit valves 102. The robot 
includes the step of pivoting at least one of the first and ^ assembly 10 includes a rotatable stage 11 connected to a 
second linear track sections to align the first or second article drive shaft 40 which extends through a sealed aperture in the 
handling means with an opening between the transfer cham- lower wall of the chamber. A drive motor 41 is connected to 
ber and one of the plurality of adjacent chambers. a lower end of the drive shaft 40 below the oransfer chamber 
Alternatively, one end of each of the first and second linear 100 and rotates the stage 11, as needed, through a full 360° 
track sections may be rotatably mounted in a race of a J5 range of motion. A linear track 12 is mounted on an upper 
central rotatable stage, and the step of transferring the first C nd of the stage 11 within the transfer chamber 100, and a 
and second articles preferably includes the step of rotating at pair of motorized platens 13a, 13fc are slidably mounted 
least one of said first and second linear track sections to align thereon. Each motorized platen 13a, 136 carries an end 
said first or second article handling means with an opening effector 14a, lib, respectively, on a leading edge thereof, 
between said transfer chamber and one of said plurality of ^ As best shown in FIGS. 3-5, an upper surface of the linear 
adjacent chambers. According to these aspects of the track U has a lmear bearmg 15 extending along each of the 
invention, the steps of transferring the first article and longitudinal edges thereof to guide the motorized platens 
transferring the second article may be performed either ^ 13*, along the track 12. The linear bearings 15 are 
sequentially or simultaneously. preferably formed of stainless steel. The central portion of 
These and other features, aspects and advantages of the 45 the track upper surface includes a plurality of raised metal 
present invention will become better understood by referring edges 16, disposed in a spaced, parallel relation to one 
to the following detailed description, drawings and claims, another and substantially perpendicular to the linear bear- 
wherein examples of the presently preferred embodiments mgs 15. The raised metal edges 16 are preferably formed of 
are given for purposes of illustration and disclosure. a ferromagnetic material, such as iron, which is preferably 

BRUa 1 DESCRIPTION OP THE DRAWINGS . ZttSErZ&J'JSttS& 

FIG. 1 is a top plan view of an independent dual-Wade each of the motorized platens 13a, 13fr, for electro- 
robot according to a first aspect of the present invention. magnetically interacting with the raised metal edges 16 of 

FIG. 2 is a side elevational view of the independent ^ 12. The motorized platens 13a. 13fr arc 

dual-blade robot of FIG. 1. 55 driven along the length of the linear track 12 by sequentially 

FIG. 3 is partial plan view of a portion of the independent applying current to the coils 17. which causes a particular 

dual-blade robot of FIG. 1. coil to be attracted to a nearby metal edge 16. The current is 

FIG. 4 is a side sectional view of the portion of the robot supplied by a power source such as a servo amplifier 18 

of FIG. 3, taken along the line 4 — 4. which supplies pulsed current to the coils in a controlled 

FIG 5 is an end sectional view of the portion of the robot & sequence to effect movement of the platens 13a, 13b. Any 

of FIG 3 taken along the line 5-5. manner of sequential application of the current to the coils 

FIG. 6A is a schematic view of a magnetic coil power may be employed According to one aspect the servo 

or** according to one aspect of the invention used in amplifier 18 may be connected to a switch 19 which can 

connection wi& the coils shown in FIG. 5. selectively apply the current to one or more of the plurality 

FIG 6B is a schematic view of a magnetic coil power 65 of coils 17. 

circuit according to an alternative aspect of the invention Referring to FIG. 4. the platen 13 is moved to the nght 

used in connection with the coils shown in FIG. 5. as indicated by the arrow, along the track 12 by sequentially 
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applying a current to coils 17a, 176. 17c. 17* 17*. 17/, has already been processed in the chamber 101. Once the 

respectively. As current is applied to coil 17a, the coil is second platen 136 and blade 146 are withdrawn from the 

attracted to metal edge 16a, causing rightward movement of process chamber, the rotatable stage may be actuated to 

it S ub ^ ueDt appHcation of current po^n dther the ^ motorized platen blade 14a or ^ 

ometl JL 1 ^ 5 scoo * d W«le 146 for extension into an 

to metal edge 16a. thereby causing further movement of the adjacent chamber 

platen. A schematic Ulustrating the connection of the coils 17 - « „ .„ ' . . . ^ , . 

to the servo amplifier 18 through switch 19 according to this ™?" 7 f 8 an dual-blade robot 20 

method is illustrated in FIG. 6A. Another alternative would f** 0 ^ l ° ™ alternative embodiment of the present 

be to simultaneously apply current to coils 17a, 17c and 17* in mventl0n ' shown m context rf a semiconductor wafer 

causing them to be attracted toward metal edges 16a, 166 Processing system. The independent dual-blade robot 

and 16c, respectively, thereby moving the platen to the right ^ 20 > transfer chamber 

The current to coils 17a, 17c, 17* may then be switched off J™ ? f *** P rocessm g s y stenL The transfer chamber 

and current applied to coils 17*. 17o\ 17/causing attraction "J* connected u to » P lura *y <* a^ent chambers 101, 

toward metal edges 16a, 166, 16c, respectively. A schematic „ * UCh aS P^ss chambers for deposition, etching or the like, 

illustrating the connection of the couTn to the servo b y a responding plurahty of slit valves 102. 

amplifier 18 through switch 19 according to this method is Tbc robot assembly 20 includes a rotatable stage 21 

illustrated in FIG. 6B. The above described methods of connected to a drive shaft 40 which extends through a sealed 

sequentially magnetizing the coils 17 are but two examples aperture in the lower wall of the chamber. First and second 

of many methods of magnetization which may be employed 20 scctions 22a, 226 m pvotaliy mounted to an 

to procure movement of the platen. Other such methods will "PP* CD(1 of mc sta 8 e 21 bv pivot pins 29a, 29b, respec- 

readily suggest themselves to those of ordinary skill in the tiveiy - A of motoriz ed platens 23a, 23b are slidably 

art Power to each coil is sequenced to cause attainment of mounted on the linear track sections 22a, 226, respectively, 

sequential ones of the metal edges to move the effector to a ^* ch mo t 0 ™^ platen 23a, 23b carries an end effector 24a, 

desired position. According to one aspect of the invention, 25 res P ective1 ^ on a leading edge thereof. The upper 

when power to the coils is terminated, the platen will surface of each linear track section 22a, 22b exhibits a linear 

continue to slide along the track until all energy has been bearing 25a, 25*, respectively, along each of the longitudi- 

expended. Alternatively, the platen may include fail safe nal thereof to guide the motorized platens 23a, 23b. 

brakes which are held open by power supplied to the coils T^ e ccntral po^on of each track section upper surface 

and which close upon power shut off thereby stopping the 30 mcludes a plurality of raised metal edges 26, disposed in a 

platen. spaced; parallel relation to one another and substantially 

In operation, the motorized platens 13a, 13* of the Perpendicular to the linear bearings 25a, 256. The raised 

independent dual-blade robot 10 shown in FIGS. 1 & 2 can metaI 26 m Feferably farmed of a ferromagnetic 

be moved along the linear track 12 independently. This such which is ^ated with a thin protective 

configuration permits one of the motorized platens 13a to 35 Uyer °* CQrrosion resultant material such as zinc. As in the 

extend its blade 14a through a slit valve 102 into an adjacent ***** embodiment * a plurality of coils 17 are carried within 

process chamber 101, while the other motorized platen 13b ***** ? f ^ raotorized Patens 23a, 236, for electromagneti- 

remains in a stationary position. Alternatively, if two process cally mteractin S with » e raised metal edges 26 of respective 

chamber are located 180 degrees from one another about the sections ^ 22b to ^ve the platens along the 

transfer chamber, the second motorized platen 13b may 40 tnck ' Scctions ' 

extend its blade 14b into the adjacent process chamber 101 To cna °k arcuate travel of the end effectors 24a, 24b, a 

simultaneous with the extension of the first motorized platen d" vc motor 42 may be connected to a lower end of the drive 

Wade 14a into its respective adjacent process chamber. snaft ^ below the transfer chamber 100 to rotate the stage 

■ According to one mode of operation, the rotatable stage 21 • " nccdcd « through a full 360° range of motion. The same 

U may be actuated to position the first motorized platen 13c 45 OT a different motor may provide pivotal motion as 

and blade 14a in line with a slit valve 102 of an adjacent needed to pivot pins 29a, 296. to pivot each one of the track 

process chamber 101. The drive mechanism of the motor- sections 22a, 22b about its respective pivot pin. Preferably 

ized platen 13a may then be actuated to drive the platen 13a thrcc sc P arate drive motors are individually electromagneti- 

along the track 12 to extend the blade 14a through the slit C0U Pkd to the rotatable stage 21 and pivot pins 29a, 

valve 102 into the adjacent chamber 101. The blade 14a may 50 respectively. The range of pivotal motion of each track 

be carrying a wafer for placement into the adjacent chamber scc *fon is limited only by the location of me other track 

101 for processing, or may be empty for retrieving a wafer section. Preferably, each track section may pivot at least 

which has already been processed in the chamber 101. In a about its respective pivot pin. 

typical configuration, where openings to process chambers In operation, the motorized platens 23a, 236 of the 
are not located 180 degrees apart the second motorized 55 independent dual-blade robot 20 shown in FIGS. 7 & 8 can 

platen 13b remains stationary until the first platen 13a and be moved along the respective linear track scctions 22a, 226 

blade 14a are withdrawn from the process chamber 101 into independently. Furthermore, each of the linear track sections 

the transfer chamber 100. The rotatable stage 11 may then 22a* 226 may be rotated about its respective pivot pin 29a. 

rotate the device to position the second motorized platen 136 296 independently. This configuration permits simultaneous 
and blade 146 in line with a slit valve 102 of an adjacent 60 extension of the first and second platen blades into corre- / 

process chamber 101. The drive mechanism of the motor- sponding process chambers, even where the respective pro- 

ized platen 136 may then be actuated to drive the platen 136 cess chambers are not positioned 180 degrees apart about the 

along the track 12 to extend the blade 146 through the slit transfer chamber. 

valve 102 into the adjacent chamber 101. As with the first According to one mode of operation, the rotatable stage 
platen blade the second platen blade 146 may be carrying a 65 21 may be actuated to position the first motorized platen23a 

wafer for placement into the adjacent chamber 101 for and blade 24a in line with a slit valve 102 of an adjacent 

processing, or may be empty fa- retrieving a wafer which process chamber 101. The drive mechanism of the motor- 
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izcd platen 23a may then be actuated to drive the platen 23a In operation, the motorized platens 33a, 336 of the 
along the track section 22a to extend the blade 24a through independent dual-blade robot 30 shown in FIGS. 9 & 10 can 
the slit valve 102 into the adjacent chamber 101. The blade be moved along the respective linear track sections 32a, 326 
24a may be carrying a wafer for placement into the adjacent independently. Furthermore, each of the linear track sections 
chamber 101 for processing, or may be empty for retrieving 5 32a. 32b may be independently rotated about a central axis 
a wafer which has already been processed in the chamber of the stage 31 in the race 39. This configuration permits 
101. While the first platen blade is being extended into its completely independent operation of the two motorized 
respective adjacent chamber, the second platen 236 and platens, including simultaneous extension of the first and 
Wade 246 may be aligned with another process chamber 101 second platen blades into corresponding process chambers, 
by pivotmg me track section 226 ab^^ 10 e ven where the respective process chambers are not posi- 
drive mechanism of the motorized platen 23* may then be tioned 180 degrees apart about the transfer chamber, 
actuated to drive the platen 23b along the track section 22b According to one mode of operation, the rotatable stage 
to extend the blade 246 through the slit valve 102 into the 31 may be actuated to position the first motorized platen 33a 
adjacent chamber 101. As with the first platen blade, the and blade 34a in line with a slit valve 102 of an adjacent 
second platen blade 24* may be carrying a wafer for 15 process chamber 101. The drive mechanism of the motor- 
placement into the adjacent chamber 101 for processing, or ized platen 33a may then be actuated to drive the platen 33a 
may be empty for retrieving a wafer which has already been along the track section 32a to extend the blade 34a through 
processed in the chamber 101. Once both the first platen 23a the slit valve 102 into the adjacent chamber 101. The blade 
and blade 24a and the second platen 236 and blade 246 have 34a may be carrying a wafer for placement into the adjacent 
been withdrawn from the respective process chambers, the M chamber 101 for processing, or may be empty for retrieving 
rotatable stage may be actuated to position either the first a wafer which has already been processed in the chamber 
motorized platen blade 24a or the second motorized platen 101. While the first platen blade is being extended into its 
blade 246 for extension into an adjacent chamber. respective adjacent chamber, the second platen 336 and 

FIGS. 9 & 10 illustrate an independent dual-blade robot Wade 346 may be independently aligned with another pro- 

30 according to a further alternative embodiment of the ^ cess chamber 101 by movement of me track section 32b 

present invention, shown in the context of a semiconductor through the race 39 The drive mechanism of the second 

wafer processing system. The independent dual-blade robot motorized platen 336 may then be actuated to drive the 

assembly 30 is centrally arranged within a transfer chamber platen 336 along the track section 326 to extend the blade 

100 of L wafer processing system. The transfer chamber 346 through the slit valve 1^ into the adjacent chafer 

100 is connected to a plurality of adjacent chambers 101, 30 101. As wtth the first platen blade, the second pfctenblade 

such as process chambers for deposition, etching or the like, 346 may be carrying a wafer for placement into the adjacent 

by a corresponding plurality of slit valves 102. Camber 101 for processing, or may be empty for retrieving 

The robot assembly 30 includes a rotatable stage 31 ^ 

coiinectedtoadriveshaft 40 wmcn extend 10L 

aperture in the lower wall of the chamber. First and second 35 ^J**™ 33b and ^^^^T^!^^ 

SeTtrack sections 32a, 326 are rotatably mounted within * c «specuve process chainbers the rotable stage may be 

a race 39 formed in an upper portion of the stage 31. A pair ^atedto position ^ 0* fir* 

of motorized platens 33* 3^e slidably mounted on the *■* * me sexxmd motorized platen blade 346 for extension 

linear track sections 32a, 326. respectively. Each motorized into an adjacent chamber. 

platen 33a, 336 carries an end effector 34a, 346, 40 ™ e ™8P * ^motion of each of unear track 

respectively, on a leading edge thereof. The upper surface of section 32a, 326 within the race 39 is limited only by the 

cadh linear track section 32a. 326 exhibits a linear bearing other linear track section. In this manner the first platen and 

35a. 356, respectively, along each of the longitudinal edges blade assembly, by utilizing its independent connection to 

thereof to guidTme motorized platens 33a, 336. The central the race 39 to achieve independent arcuate motion, may 

portion of each track section upper surface includes a 45 completely mdependently from the second platen 

plurality of raised metal edges 36, which are preferably and blade assembly, which also utilizes its independent 

formed of a ferromagnetic material such as iron, coated with connection to the race 39 to achieve independent arcuate 

a protective layer of zinc. As in the first and second motion. 

embodiments, a plurality of coils 17 are carried within each The present invention, therefore, is well adapted to carry 

of the motorized platens 33a, 336, for dectromagnetically 50 out the objects and attain the ends and advantages mentioned 

interacting with the raised metal edges 36 of respective as well as others inherent therein. While presently preferred 

linear track sections 32a. 326 to drive the platens along the embodiments of the invention are given for the purpose of 

track sections. disclosure, numerous changes in the details will readily 

A drive motor 43 may be connected to a lower end of the suggest themselves to those skilled in the art and which are 

drive shaft 40 below the transfer chamber 100 for rotating 55 encompassed within the spirit of the invention and the scope 

the stage 31. as needed, through a full 360° range of motion. of the appended claims. 

The same or a different drive motor may provide rotary \ daim: t m c ^ . 

motion to linear track sections 32a. 326, rotate each track 1- A method for transferring articles using an article 

section in the race 39 about a central axis of the stage 31. A tnnifa apparatus located in a central transfer chamber, the 

bearing 37a, 376 extending from each respective linear track 60 method comprising the steps of: 

section 32a. 326 may be positioned within the race for transferring a first article between the transfer chamber 

sliding engagement therewith. According to one aspect, a and one of a plurality of adjacent chambers by moving 

separate drive motor is provided for each linear track section a first article handling means of said article transfer 

to effect rotation about the hub. Each bearing 37a. 376 is apparatus along a longitudinal axis of a linear track 

magnetically coupled to a stepper motor (not shown) which 65 upon which said article handling means is mounted; 

can be actuated to provide rotary motion. The track sections transferring a second article, independent of said first 

32a. 326 may be rotated a full 360° about the race. article transfer, between the transfer chamber and one 
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of said plurality of adjacent chambers by moving a 
second article handling means of said article transfer 
apparatus along the longitudinal axis of said linear 
track; and 

wherein said steps of moving said first article handling 5 
means and moving said second article handling means 
each include the step of sequentially connecting a 
power source to each one of a plurality of coils located 
in each of said first and second article handling means 
to create a magnetic effect between the first or second 10 
article handling means and said linear track. 

2. A method for transferring articles using an article 
transfer apparatus located in a central transfer chamber, the 
method comprising the steps of: 

transferring a first article between the transfer chamber 15 
and one of a plurality of adjacent chambers by moving 
a first article handling means of said article transfer 
apparatus along a longitudinal axis of a linear track 
upon which said article handling means is mounted; 
and 20 

transferring a second article, independent of said first 
article transfer, between the transfer chamber and one 
of said plurality of adjacent chambers by moving a 
second article handling means of said article transfer ^ 
apparatus along the longitudinal axis of said linear 
track; 

wherein said linear track comprises a first linear track 
section and a second linear track section and said steps 
of moving the first and second article handling means 30 
along the longitudinal axis of the linear track comprises 
moving the first article handling means along the first 
track section and moving the second article handling 
means along the second track section; and 

wherein one end of each of said first and second linear 35 
track sections is pivotally mounted by a pivot mount to 
a central rotatable stage, and said step of transferring 
said first and second articles includes the step of 
pivoting at least one of said first and second linear track 
sections about its pivot mount to align said first or 40 
second article-handling means with an opening 
between said transfer chamber and one of said plurality 
of adjacent chambers. 

3. The method for transferring articles according to claim 

2. wherein the steps of transferring the first article and 45 
transferring the second article are performed simultaneously. 

4. A method for transferring articles using an article 
transfer apparatus located in a central transfer chamber, the 
method comprising the steps of: 

transferring a first article between the transfer chamber 
and one of a plurality of adjacent chambers by moving 
a first article handling means of said article transfer 



10 

apparatus along a longitudinal axis of a linear track 
upon which said article handling means is mounted; 
and 

transferring a second article, independent of said first 
article transfer, between the transfer chamber and one 
of said plurality of adjacent chambers by moving a 
second article handling means of said article transfer 
apparatus along the longitudinal axis of said linear 
track; 

wherein said linear track comprises a first linear track 
section and a second linear track section and said steps 
of moving the first and second article handling means 
along the longitudinal axis of the linear track comprises 
moving the first article handling means along the first 
track section and moving the second article handling 
means along the second track section; 

and 

wherein one end of each of said first and second linear 
track sections is rotatably mounted in a race of a central 
rotatable stage, and said step of transferring said first 
and second articles includes the step of rotating at least 
one of said first and second linear track sections by 
moving it along the race to align said first or second 
article-handling means with an opening between said 
transfer chamber and one of said plurality of adjacent 
chambers. 

5. The method for transferring articles according to claim 
4, wherein the steps of transferring the first article and 
transferring the second article are performed simultaneously. 

6. A method for transferring articles using an article 
transfer apparatus located in a central transfer chamber, the 
method comprising the steps of: 

transferring a first article between the transfer chamber 
and one of a plurality of adjacent chambers by moving 
a first article-handling means of said article transfer 
apparatus along a longitudinal axis of a linear track 
upon which said article-handling means is mounted; 
and 

transferring a second article, independent of said first 
article transfer, between the transfer chamber and one 
of said plurality of adjacent chambers by moving a 
second article-handling means of said article transfer 
apparatus along the longitudinal axis of said linear 
track; wherein said steps of moving said first article- 
handling means and moving said second article- 
handling means each include the step of sequentially 
connecting a power source to each one of a plurality of 
coils to create a magnetic effect between the first or 
second article- handling means and said linear track. 
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